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The invention is directed to a peptide encoding a promiscuous T helper cell epitope for generating an immune response against 
papillomavirus, wherein the peptide is selected from the group consisting of (i) VYRDGNPYA inclusive of a single amino acid deletion, 
substitution or addition made therein (SEQ ID NO. 1): and (ii) QYNKPLCDLL inclusive of a single amino acid deletion, substitution or 
addition made therein (SEQ ID NO. 2). The invention is also concerned with chimeric constructs as well as immunogenic compositions 
comprising the peptides of the invention. 
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TITLE 

"NOVEL PROMISCUOUS T HELPER CELL EPITOPES" 
FIELD OF INVENTION 
This invention relates to promiscuous T helper cell epitopes, 
5 and in particular, novel promiscuous T helper cell epitopes which have utility 
in the development of novel peptide-based vaccines. The invention also 
extends to vaccine compositions which include the novel promiscuous 
epitopes of the invention which may be useful in eliciting an immune 
response against PV and particularly HPV (human papillomavirus) in a host 
10 animal. 

BACKGROUND OF THE INVENTION 
Papillomaviruses induce benign hyperproliferative lesions in 
humans and in many animal species, some of which undergo malignant 
conversion. The biology of papillomavirus infection is summarised in a 

15 review by J. P. Sundberg entitled "Papillomavirus Infections in Animals" In 
"Papillomaviruses and Human Disease" edited by K. Syrjanen, L. Gissmann 
and L. G. Koss ( Springer Verlag (1987). 

Papillomaviruses are a family of small DNA viruses encoding 
up to eight early (E1, E2, E3, E4, E5, E6, E7 and E8) and two late genes (L1 

20 and L2). These viruses have been classified in several distinct groups such 
as HPV which are differentiated into types 1 to 70 depending upon DNA 
sequence homology. A clinicopathological grouping of HPV and the 
malignant potential of the lesions with which they are most frequently 
associated are summarised in "Papillomaviruses and Human Cancer" by H. 

25 Pfister, CRC Press, Inc. (1990). For example, HPV type 1 (HPV-1) is 
present in plantar warts, HPV-6 or HPV-1 1 are associated with condylomata 
acuminata (anogenital warts), and HPV-1 6 or HPV-1 8 are common in pre- 
malignant and malignant lesions of the cervical squamous epithelium. 

The immunological approach to the prevention of HPV disease 

30 requires a thorough analysis of the viral proteins against which humoral and 
cellular immune responses are mounted during and after infection. However, 
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However, comparison of these studies reveals a lack of correlation between 
the results of the various assays which have been used in assessing HPV 
early ORF protein reactivity in serum (Tindle and Frazer, 1994, supra). 

In addition, antibodies to other HPV early ORF proteins have 
5 not yet been sought with sufficient rigour in large enough numbers of 
patients to determine their utility as disease markers or as indicators of HPV 
protein immunogenicity following HPV infection. 

For many pathogens including papillomaviruses, a conventional 
killed or live attenuated vaccine cannot be developed because material is not 
10 available, or because the vaccine would be unsafe. However, in many 
cases, immunogenic B and T epitopes (usually between 4 and 20 amino 
acids in length) have been defined for proteins encoded by these pathogens 
and this has increased interest in the formulation of peptide-based vaccines. 



15 Peptides can be synthesised in large quantities with high purity 

and are chemically well defined. Synthetic peptides can be designed to 
incorporate any antigenic B and T epitope (Tindle et a/., 1991, Proc. NatL 
Acad. Sci. USA 88 5887-5891), and exclude potentially deleterious or 
dangerous functional domains of a protein (Berzofsky, J. A., 1991, FASEB 

20 J. 5 2412-2418). In order to synthesize a highly immunogenic peptide, it is 
generally considered that uncoupled, carrier free peptide or peptides must 
contain domains which activate T-helper (Th) cells as well as B-cells so as 
to facilitate their cognate interaction leading to the development of an 
effective immune response (Mitchinson, 1971, Eur. J. Immunol. 1 10-17; 

25 Mitchinson, 1971, Eur. J. Immunol. 1 18-24; Abbas et a/., 1985, J. Immunol. 
135 1661-1667). In addition, it has recently been shown that cytokines 
secreted by Th cells are required for cytotoxic T lymphocyte (CTL) activation 
which activation is important for effective immune control of tumours and viral 
infections (Matloubian efa/., 1994, J. Virol. 68 8056-8063; Batteggay et al. % 

30 1994, J. Virol. 68 4700-4704). To this extent, recent experiments have 
shown that induction of antigen-specific CTL can be effected by linking a Th- 
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basic random copolymer of amino acids that has been shown to be effective 
in suppression of experimental allergic encephalomyelitis (EAE), was shown 
to bind several antigen presenting cells of mouse and human origin 
irrespective of their MHC class II restrictions. 
5 Moreover, several reports have indicated that peptides 

representing T- and B-cell determinants constituting a chimeric construct do 
not have to be derived from the same protein or organism. Indeed, Th-cell 
epitopes derived from tetanus toxin, sperm-whale myoglobin and 
streptococcal protein have been found capable of imparting help to B-cell 

10 determinants taken, respectively, from the human malarial parasite 
Plasmodium falciparum (Etlinger etal. y 1990, Science, 249 423-425; Kumar 
et al., 1992, J. Immunol. 148 1499-1505), foot-and-mouth disease virus 
(Francis etal., 1987, Nature 300 168-170) and hepatitis B virus (LeClerc et 
a/., 1987, Eur. J. Immunol. 17 269-273). 

15 In view of the above, it is known that promiscuous Th-cell 

epitopes may be incorporated within synthetic chimeric peptides comprising 
one or more homologous and/or heterologous B-cell determinants in order 
to bypass haplotype restricted immune responses and thereby alleviate 
problems associated with vaccinating a genetically diverse outbred 

20 population. 

In the case of papillomavirus, reference may be made to 
International Application Publication No WO 92/10513 in which the present 
applicants disclosed the promiscuous Th-cell minimal proliferative epitope, 
DRAHYNI, which was derived from human papillomavirus (HPV) E7 protein. 

25 This promiscuous epitope either alone or in combination with one or more B- 
cell epitopes in chimeric constructs was shown to elicit anti-PV proliferative 
responses in different murine as well as different human MHC backgrounds. 

In view of the plethora of Th-cell epitopes defined in the 
literature which epitopes have been derived from a myriad of different 

30 organisms, only a few have been shown to be reactive on several MHC 
backgrounds (Kaumaya etaL, 1993, J. Mol. Recognit. 6 81-94; Domanico et 
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(ii) QYNKPLCDLL inclusive of a single amino acid deletion, 

substitution or addition made therein (SEQ ID NO 2). 
The term "promiscuous T helper celt epitope" as used herein 
refers to a T helper cell epitope which is reactive with a plurality of different 
5 MHC class II haplotypes. 

The invention also contemplates 'peptide homologs' of peptides 
according to SEQ ID NO 1 and SEQ ID NO 2. Thus, the invention also 
includes within its scope peptides which are functionally similar to those 
defined in SEQ ID NO 1 and SEQ !D NO 2. For example, one of skill in the 
10 art will appreciate that conservative amino acid substitutions can be made 
in peptides according to SEQ ID NO 1 and SEQ ID NO 2 (parent peptides) 
and that such substituted peptides will retain the functional characteristics of 
the parent peptides. 

The peptides of the invention may be prepared using any 
15 suitable procedure. Preferably, such peptides are synthesized either 
manually or by using an automated peptide synthesiser. 

Peptides according to SEQ ID NO 1 and SEQ ID NO 2 and 
peptide homologs thereof may be synthesised using solution synthesis or 
solid phase synthesis as described, for example, in Chapter 9 entitled 
20 "Peptide Synthesis" by Atherton and Shephard which is included in a 
publication entitled "Synthetic Vaccines" edited by Nicholson and published 
by Blackwell Scientific Publications. 

Alternatively, a peptide in accordance with the invention may 
be prepared by a procedure including the steps of: 
25 (a) ligating a nucleotide sequence encoding a peptide 

according to SEQ ID NO 1 , SEQ ID NO 2 or peptide homoiog thereof into a 
suitable expression vector to form an expression construct; 

(b) transfecting the expression construct into a suitable host 

cell; 

30 (c) expressing the recombinant peptide; and 

(d) isolating the recombinant peptide. 
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comprise 10 to 34 amino acid residues, and the optimal length of a T helper 
cell epitope has been defined crystallographically and otherwise to be 
between 13 and 20 amino acids (Appella et a/., 1995, EXS. 73 105-119 
which is hereby incorporated by reference). 
5 Accordingly, the invention contemplates a peptide of 10 to 34 

amino acids corresponding to a naturai sequence of amino acids encoded 
by HPV1 6 E6 or homologous sequence thereof which natural or homologous 
sequence comprises the amino acid sequence defined by SEQ ID NO 1 or 
peptide homolog thereof and/or the amino acid sequence defined by SEQ 

10 ID NO 2 or peptide homolog thereof. 

In yet another aspect, the invention provides a peptide of 13 to 
20 amino acids corresponding to a natural sequence of amino acids encoded 
by HPV16 E6 or homologous sequence thereof which natural or homologous 
sequence comprises the amino acid sequence defined by SEQ ID NO 1 or 

15 peptide homolog thereof and/or the amino acid sequence defined by SEQ 
ID NO 2 or peptide homolog thereof. 

It will be appreciated from the prior art referred to above and 
from the exemplification of the invention described hereinafter that such 
larger peptides will also be expected to behave as promiscuous T helper cell 

20 epitopes. 

Thus, in a further aspect of the invention, there is provided a 
chimeric peptide construct for generating an immune response against one 
or more B-cell epitopes and/or one or more CTL epitopes said peptide 
construct comprising a peptide in accordance with SEQ ID NO 1 or peptide 

25 homolog thereof linked directly or indirectly to one or more amino acid 
sequences encoding the or each B-cell epitope and/or one or more amino 
acid sequences encoding the or each CTL epitope. 

According to yet another aspect of the invention, there is 
provided a chimeric peptide construct for generating an immune response 

30 against one or more B-cell epitopes and/or one or more CTL epitopes said 
peptide construct comprising a peptide in accordance with SEQ ID NO 2 or 



pC T//VU97/008aO 



O 98/23635 



10 



15 



10 

■ndirediytooneormoream.no 

^^^^^^ 

"*° aC ' d " *a«, *• P ^ :; im e„c pep,- —n* 

■ o acids M° re P referat3y ' 

COmP " Se B -ce» epuopes - " «* as 

CTL eP*°P es a,e ^ „„„ be a papillomavirus- m 
« e of a .W. * e m3¥ rTL epitopes in HPV16 
^tce. m « se 3 be selede o Iron h*- CTL P J 3 ^ ctl 
case. W CTt ep«o P e n« * ^ |mmunol . 15 4 934 ^ 

^■rs^ - j ,m :i: : " ep- - 

Pr0C . Nail. A«d SC. • ■ ■ Mpeof * e 
- A- X-^ 

(3) 

N1 - A1 - X ^ 
N2-X-A2 



20 



25 



30 



+ • 

WO 98/23635 PCT/ATJ97/0082fl 

11 

A1 - X - N3 (5) 

A1 - X - A2 - N4 (6) 

N1 - A1 -N4-A1 -X-A2 (7) 

N1 - A1 - N4 - X - N3 - A2 - N5 (8) 

5 N1 - A1 - N4 - A2 - N2 - X - A2 (9) 



In the above formulae (1) through (9): X denotes a 
promiscuous T helper cell epitope comprising peptides selected from SEQ 
ID NO 1, SEQ ID NO 2 or peptide homologs thereof; N1, N4 and N5 
represent B-cell epitope or CTL epitope sequences that may be linked to 
10 said promiscuous epitope sequences indirectly through intervening 
sequences of amino acids that are not B-cell or CTL epitope sequences such 
as A1 and A2. 

In some cases, the B-cell or CTL epitope sequence may be 
linked directly to the promiscuous T helper epitope sequence and in such a 

15 case in a first situation the terminal amino acid of the B-cell or CTL epitope 
sequence and the first amino acid of said promiscuous epitope sequence 
may be merged. In other cases, in a second situation the last amino acid of 
the promiscuous T helper epitope sequence and the first amino acid of the 
B-cell or CTL epitope sequence may also be merged. In this embodiment 

20 therefore N2 represents a B-cell or CTL epitope sequence which refers to the 
first situation and N3 represents a B-cell or CTL epitope sequence that 
represents the second situation. 

The sequences according to SEQ ID NO 1 and SEQ ID NO 2 
have been identified as corresponding to two major T helper cell epitopes in 

25 the E6 open reading frame (ORF) of HPV16. SEQ ID NO 1 and SEQ ID NO 
2 correspond respectively to amino acids 60-68 and 98-107 of the E6 ORF. 

Peptides according to SEQ ID NO 1 and SEQ ID NO 2 are 
each capable of eliciting strong antibody responses to HPV16 E6 challenge 
across a wide range of MHC class II backgrounds. In addition, chimeric 

30 constructs in accordance with the present invention comprising peptides 
according to SEQ ID NO 1 and SEQ ID NO 2 may facilitate the production 
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VLP may comprise the modified viral capsid protein in association with one 
or more other viral capsid proteins which may be required for assembly of 
the chimeric VLP. 

The modified viral capsid protein may be prepared from any 
5 parent viral capsid protein, including a natural viral capsid protein, which 
when fused with the one or more peptides results in a modified viral capsid 
protein which is capable of incorporating into a chimeric VLP. The parent 
viral capsid protein includes, but is not limited to, a papillomavirus capsid 
protein or a parvovirus capsid protein. Accordingly, the parent viral capsid 
10 protein may comprise an L1 protein or an L2 protein of a papillomavirus. In 
the case of parvovirus, the parent viral capsid protein may comprise a VP2 
capsid protein. 

In view of the above, it is well known that foreign peptides can 
be incorporated into a viral capsid protein to produce chimeric VLPs which 

15 can be used to present foreign antigens to an immune system. Suitable 
methodologies for production of such chimeric VLPs are also known. For 
example, the peptides of the invention may be fused to a papillomavirus 1 
L1 capsid protein as described, for example, in Muller et al (1 997, Virology 
234 93-1 1 1 ), or fused to a papillomavirus L2 capsid protein as described, for 

20 example, in United States Patent No 5,618,536 (Lowy et al) which is hereby 
incorporated by reference, or fused to a porcine parvovirus VP2 capsid 
protein as described, for example, in Sedlik et a/ (1997, Proc. Natl. Acad. Sci. 
USA 94 7503-7508) which is hereby incorporated by reference. 

The above exemplary methods of producing chimeric VLPs 

25 essentially involve construction of a synthetic DNA molecule encoding the 
modified viral capsid protein and subsequent expression of this protein in a 
suitable host cell to facilitate assembly of the chimeric VLP. Depending on 
the modified viral capsid protein being expressed, such expression may 
require co-expression of one or more other viral capsid proteins for assembly 

30 of the chimeric VLP. 

The synthetic DNA molecule may be prepared using any 
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FIG. 4C is a bar graph showing the in vitro proliferative 
response of LNCs from H-2 b mice immunized with peptides GF59-GF62; 

FIG. 4D is a bar graph showing the in vitro proliferative 
response of LNCs from H-2 1 mice immunized with peptides GF63-GF66; 
5 FIG. 5A illustrates the in vitro proliferative response of LNCs 

from H-2 b mice immunized subcutaneously with an equimolar mixture of 
peptide GF56; 

FIG. 5B is a bar graph showing the in vitro proliferative 
response of LNCs from H-2 b mice immunized subcutaneously with an 
10 equimolar mixture of peptide GF57; 

FIG. 5C is a bar graph showing the in vitro proliferative 
response of LNCs from H-2 b mice immunized subcutaneously with an 
equimolar mixture of peptide GF61 ; 

FIG. 5D is a bar graph showing the in vitro proliferative 
15 response of LNCs from H-2 b mice immunized subcutaneously with an 
equimolar mixture of peptide GF66; 

FIG. 5E is a bar graph showing the in vitro proliferative 
response of LNCs from H-2 b mice immunized subcutaneously with an 
equimolar mixture of peptide GF51 ; 
20 FIG. 6A is a bar graph showing the T-proliferative response of 

LNCs from C57BL/6 (H-2 b ) mice immunized with an equimolar mixture of 
peptides GF56, GF57, and GF61 in CFA, and challenged in vitro with 
individual peptides; 

FIG. 6B is a bar graph showing the T-proliferative response of 
25 LNCs from B10 (H-2 a ) mice immunized with an equimolar mixture of peptides 
GF56, GF57, and GF61 in CFA, and challenged in vitro with individual 
peptides; 

FIG. 6C is a bar graph showing the T-proliferative response of 
LNCs from B10 (H-2 k ) mice immunized with an equimolar mixture of peptides 
30 GF56, GF57, and GF61 in CFA, and challenged in vitro with individual 
peptides; 
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FIG. 6D is a bar graph showing the T-prol iterative response of 
LNCs from B10 (H-2 d ) mice immunized with an equimolar mixture of peptides 
GF56, GF57, and GF61 in CFA, and challenged in vitro with individual 
peptides; 

5 FIG. 6E is a bar graph showing the T-proliferative response of 

LNCs from B10 (H-2 h2 ) mice immunized with an equimolar mixture of 
peptides GF56, GF57, and GF61 in CFA, and challenged in vitro with 

individual peptides; 

FIG. 6F is a bar graph showing the T-proliferative response of 
10 LNCs from B10 (H-2 M ) mice immunized with an equimolar mixture of 
peptides GF56, GF57, and GF61 in CFA, and challenged in vitro with 

individual peptides; 

FIG. 7 illustrates the mapping of the minimal T-cell proliferative 

epitope in the GF57 peptide of HPV16E6 protein; 
15 fig. 8A is a bar graph showing the in vitro proliferative 

response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF57. and challenged with 20 ug/mL GF57 overlapping truncated 
peptides; 

FIG. 8B is a bar graph showing the in vitro proliferative 
20 response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF57, and challenged with 5 ug/mL GF57 overlapping truncated 
peptides; 

FIG. 9 illustrates the mapping of the minimal T-cell proliferative 
epitope in the GF61 peptide of HPV16E6 protein; 
25 fig. 10A is a bar graph showing the in vitro proliferative 

response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF61, and challenged with 20 ug/mL GF57 overlapping truncated 
peptides; 

FIG. 1 0B is a bar graph showing the in vitro proliferative 
30 response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF61, and challenged with 5 ug/mL GF57 overlapping truncated 
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peptides; 

FIG. 11 A is a bar graph showing the in vitro proliferative 
response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF51, and challenged with 20 pg/mL GF57 overlapping truncated 
5 peptides; 

FIG. 1 1 B is a bar graph showing the in vitro proliferative 
response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF51, and challenged with 5 pg/mL GF57 overlapping truncated 
peptides; 

10 FIG. 12A is a bar graph showing the in vitro proliferative 

response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF51, and challenged with 20 pg/mL GF61 overlapping truncated 
peptides; 

FIG. 12B is a bar graph showing the in vitro proliferative 
15 response of LNCs from C57BL/6 mice immunized subcutaneously with 
peptide GF51, and challenged with 5 pg/mL GF61 overlapping truncated 
peptides; 

FIG. 13A is a bar graph showing the effect of VYRDGNPYA* 
T h -epitope on the antibody response to 'EYMLD' B-epitope; 
20 FIG. 1 3B is a bar graph showing the effect of 'QYNKPLCDLL' 

T h -epitope on the antibody response to 'EYMLD' B-epitope. 

FIG. 13C is a bar graph showing the effect of 'VYRDGNPYA' 
T h -epitope on the antibody response to 'QAEPD' B-epitope; 

FIG. 1 3D is a bar graph showing the effect of 'QYNKPLCDLL' 
25 T h -epitope on the antibody response to 'QAEPD' B-epitope; and 

FIG. 14 is a map of recombinant vector pVLBPVI L1/Thprom- 

QAEPD. 

PREFERRED EMBODIMENTS 
EXAMPLE 1 Identification of T-proliferative epitopes in H-2 b mice 

30 MATERIALS AND METHODS 

Buffers 
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and stored away at -70°C. The final pellet was also stored at -70^ for 
further testing. After performing SDS-PAGE, Western Blotting and estimating 
the percentage of purity of the 7M Urea supernatant, the latter was dialyzed 
against PBS at 4°C, using a 12,000 mwt cut off membrane. 
5 SDS-PAGE/ Western Blotting 

SDS-PAGE was performed to estimate the purity and yield of 
the fusion proteins. Consequently, the fusion proteins (-20 pg protein per 
lane) were diluted in 2x concentrated SDS Sample Buffer containing 0.2 M 
Dithiothreitol (DTT), heated for 5min at 100°C and separated on a 12% 

10 polyacrylamide gel (Laemmli, 1970, Nature 227 680), at 200 V using SDS- 
PAGE Electrode Running Buffer. This was done in duplicate: one gel was 
stained with Coomassie Blue, destained with Methanol/Acetic Acid (Destains 
1 and 2) and then dried on a slab gel dryer (Drygel Sr. Model SE 1160, 
Hoefer Scientific Instruments, San Francisco) for 1 hr at 80°C. The other gel 

15 was transferred by Western Blotting onto a nitrocellulose membrane using 
SDS Transfer Buffer at a 100 V according to standard procedures. The blot 
was blocked with 5% skim milk powder in PBS Blocking Buffer (PBS/milk) at 
4°C o/n. The second day, it was incubated at RT for 1-1.5 hrwith a rabbit 
polyclonal anti HPV16 E6/MS2 antiserum (previously prepared in our 

20 laboratory) diluted 1 :200 in PBS/milk. This was followed by 3 washes (each 
for 10 min) with the following Wash Buffer: 5% skim milk powder in PBS + 
0.1% Triton X-100. 

Following washing; a second antibody, Horse radish 
peroxidase linked sheep anti-mouse immunoglobulin, diluted 1:1000 in 

25 PBS/milk was added and the blot was incubated at RT for another 1 -1 .5hr 
followed by the washing procedure mentioned above. Finally the specific 
bands were visualized by the Di-aminobenzidine (DAB) substrate reaction 
in the presence of H 2 0 2 . The reaction was stopped by rinsing the blot with 
distilled water (dH 2 0) and air drying. 

30 Protein Concentration Determination 

Protein concentration estimation was performed using the 
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of cold ether in a 50 mL Falcon tube, and spun down at 4°C, for 5 min, at a 
speed of 1000g. After discarding the supernatant, the peptide pellet was 
precipitated 5 more times, each time with 20 mL of cold ether. Finally, the 
peptide crystals were allowed to air dry o/n and then stored at -70°C. 
5 Series of peptides, truncated by 1 aa from either the N-terminal 

or the C-terminal, and covering the whole length of peptides GF57 and GF61 
were synthesized by Chiron Mimotopes Peptide Systems PTY, LTD (Victoria, 
Australia). The HPLC profile, amino acid composition, toxicity and 
mitogenicity of all peptides were checked. 
10 HPV16 E6 Protein 

HPV16 E6 protein was produced as an MS2 fusion protein as 
described above. Fusion protein was then dialyzed against PBS for use in 
proliferation assays. 

Lymph Node Cell (LNC) Proliferation Assays 
15 Mice were immunized subcutaneously in the base of the tail 

with about 50 pg of peptide emulsified in Complete Freund's Adjuvant (H37 
Ra. CFA, Difco). Nine days later, the inguinal and periaortic lymph nodes 
were collected from the immunized mice, and a suspension of draining LNCs 
was prepared after two washes in Dulbecco's Modification of Eagle's Medium 
20 (DMEM) supplemented with 100 lU/mL Penicillin, 100 pg/mL Streptomycin, 
1 mM sodium pyruvate, 2 mM L-glutamine, 20 mM HEPES buffer and 50 pM 
P-mercaptoethanol (complete DMEM, cDMEM). 

The LNCs suspension was prepared at a concentration of 
2x1 0 6 cells per mL in cDMEM containing 10% FCS. A four day proliferation 
25 assay (at 37 C C) (Good etal. t 1987, Science 235 1059-1062) was conducted 
in peptide-coated microtiter plates where every peptide-coated well was 
allowed to interact with 4x1 0 5 LNCs/mL (200 pL of LNCs suspension). Wells 
coated with Purified Protein Derivative (PPD) or cDMEM were used as 
positive and negative controls, respectively. Next, proliferation was 
30 quantified by [ 3 H] Thymidine incorporation: the LNCs were pulsed with 1 pCi 
of [ 3 H] Thymidine (Amersham) per well; and 1 6 hr later, the amount of [ 3 H] 
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0.63 pg/mL). FIGS. 5A, 5B, 5C, 5D and 5E shows that the LNCs response 
to peptides GF56, GF57 and GF61 decreased with decreasing concentration 
of the challenging peptide and that the minimal dose of challenging peptide 
which would still elicit good proliferation is 5 pg/mL. No response to 
5 challenging control peptides GF66 or GF51 was noticed. 

To examine the major histocompatibility complex (MHC) 
restriction of the response to the immunogenic peptides from HPV16 E6, 
C57BL/6 mice (H-2 b ) and B10 congenic mice differing only at the major 
histocompatibility complex (MHC) class 2 locus; B10A (H-2 3 ), B10BR (H-2 k ), 

10 B10D2 (H-2 d ), B10A.2R (H-2 h2 ) and B10.4R (H-2 h4 ) were immunized with 
mixtures of peptides GF56, GF57 and GF61. LNCs from all strains of 
immunized B10 congenic mice showed strong proliferative response to 
peptide GF56. Immunized C57BL/6 mice responded to all three peptides 
GF56, GF57 and GF61. None of the mice responded to the control peptide 

15 GF51 (FIGS. 6A, 6B, 6C, 6D, 6E and 6F). Hence, peptides GF57 and GF61 
each contains a T-proIiferative epitope(s) reactive in H-2 b mice; while peptide 
GF56 contains a "promiscuous" T-epitope, reactive on several murine MHC 
backgrounds. 

To determine the minimal T-proliferative epitopes sequences, 
20 LNCs from GF57 immunized mice were challenged in vitro with a series of 
overlapping peptides, truncated by 1 amino acid from either the N-terminal 
or the C-terminal, and covering the whole length of peptide GF57 (FIG. 7) at 
different concentrations (20 pg/mL, 5 [ig/mL, 2 pg/mL and 0.5 |jg/mL). LNCs 
stimulated with peptides GF57/1-3 and GF57/16-24 proliferated significantly, 
25 indicating that the consensus sequence "VYRDGNPYA" was the minimal 
proliferative epitope (FIGS. 7 T 8A and 8B). 

Similarly, a series of N-terminal or C-terminal truncated 
overlapping peptides, covering the whole length of peptide GF61 was used 
in LNC proliferation assays to recall T-cell activation from mice immunized 
30 with GF61 (FIG. 9). The LNCs proliferated significantly when challenged in 
vitro with peptides GF61/1-3, GF61/14-16 and GF61/19, indicating that the 
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vaccination with either of these synthetic peptides, the mice developed 
antibodies only to QAEPD. The absence of anti-EYMLD antibodies in these 
sera suggests the possibility that the H-2 3 mice have seen the QAEPD as an 
immunodominant B-epitope and directed most of their humoral immune 
5 response to generate antibodies to it. Control mice immunized with either 
EYMLD alone, QAEPD alone or T-epitope alone did not produce any 
antibody to either EYMLD or QAEPD (FIGS. 13A, 13B, 13C and 13D). 

Hence, the defined proliferative T-epitopes in HPV16 E6 are 
actually functional T-helper epitopes that can be used for eliciting cognate 
10 interaction between T- and B-lymphocytes for the production of antibody 
against the B-cell epitopes. 

DISCUSSION 

in this study, we have defined three murine T-cell epitopes in 
the context of H-2 b haplotype, by observing T-cell proliferation using cells 
15 from HPV16 E6 peptide immunised C57BL/6 mice. For this purpose, a set 
of overlapping peptides (GF51-GF66) spanning the entire HPV16 E6 
sequence was used. 

The ' 51 DFAFRDLCIVYRDGNPYA 68 ' peptide GF56 was shown 
to contain a promiscuous T-proIiferative epitope, reactive on several MHC 
20 backgrounds. 

Using a series of overlapping, truncated E6 peptides in T- 
proliferation assays to recall T-cell activation, we were able to define the 
minimal proliferative sequences of two T-epitopes in HPV16 E6 protein: 1 
6C V YR D G N P Y A 68 ' and ' 96 QYNKPLCDLL 107 \ 

25 When H-2 b mice were immunized with an equimolar mixture of 

peptides GF57 and GF61 (FIGS. 6A - 6F), VYRDGNPYA' in GF57 seemed 
to be the dominant epitope since LNC proliferation after in vitro challenge 
with GF57 was stronger than with GF61. T-epitope immunodominance 
depends on several mechanisms such as antigen processing, competition 

30 for binding to MHC, hindering structures outside the minimal epitopes and 
structures of the T-cell site (Partidos and Steward, 1992, J. Gen. Virol. 73 
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loop and sequences N-terminal to this. The region between the loops 
functions as a spacer to keep the loop apart. 

In summary, VYRDGNPYA' and 'QYNKPLCDLL' are capable 
of eliciting cognate interaction between T- and B-lymphocytes and therefore 
5 may be used generically to produce a subunit synthetic peptide vaccine 
consisting of a promiscuous T helper cell epitope according to the invention, 
in combination with one or more B-cell epitopes and/or one or more CTL 
epitopes, to generate immune responses against the B-cell and/or CTL 
epitopes. Moreover, the defined promiscuous T-helper epitopes in HPV1 6 
10 E6 protein are reactive with a plurality of different MHC class II haplotypes 
and thus may be used in a vaccine construct to treat HPV infections by 
providing immunity to HPV infection across a broad spectrum of MHC 
backgrounds. 

It is important to note though, that LNCs from H-2 b mice 
15 immunized with HPV 16 E6/MS2 protein failed to proliferate when challenged 
in vitro with E6 peptides GF51-GF66. This result may be due to unfolding 
and antigen processing of the protein molecule. The existence of MHC- 
specific hindering structures on the naturally processed fragments that are 
not present on synthetic peptides comprising little more than the antigenic 
20 site may interfere with binding to la or to the T-cell receptor (TCR) (Brett et 
a/., 1988, supra: Partidos and Steward, 1992, supra; Sercarz et a/., 1993; 
Moudgil et a/., 1996, supra). This may have important implications for the 
design of peptide vaccines that, although immunogenic themselves, may 
generate a T-cell response that is poorly reactive to the native molecule. 

25 

EXAMPLE 2 Preparation of a chimeric VLP comprising VYRDGNPYA 
and QAEPD fused to the C-terminus of BPV1 L1 

Construction of recombinant baculovirus transfer vector 
Primers 5'-CCGCAATCCATGGCGTTGTGGCAACAAGGCC- 
30 AGAAGC-3' and 5'-C C G G AATTCTTATTTTTTATC A G GTTC AG CTT- 
GAGCATAAGGATTGCCATCCCGATAAACTCCTGCCCCTTGCTGTGCT 
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suspension is then homogenized with a dounce homogenizer (tight pestle) 

by 50 strokes on ice and then centrifuged at 3000 rpm for 10 min at 4°C to 

separate the nuclear fraction. The nuclear peliet is then resuspended in an 

appropriate resuspension buffer and sonicated for 45 sec on ice. The 

5 nuclear suspension is then loaded onto a 20% sucrose cushion and 

centrifuged at 26,000 rpm in a Beckman SW-26 rotor at 4"C for 2 h. The 

pellets are then resuspended in resuspension buffer and sonicated again for 

another 45 sec. The resulting sonicate is then mixed with CsCI and 

centrifuged at 21 D C in a Beckman SW 41 rotor for 20 H. A band at the CsCI 

10 density of about 1.30 g/mL is then collected and dialysed against PBS. The 

sample may then be used for Western immunoblotting and for transmission 

electron microscopic analysis for confirming respectively the integrity of the 

modified BPV1 L1 capsid protein and chimeric VLP structure. 

****+************#**★★ 

1 5 The present invention has been described in terms of particular 

embodiments found or proposed by the present inventors to comprise 
preferred modes for the practice of the invention. It will be appreciated by 
those of skill in the art that, in light of the instant disclosure, various 
modifications and changes can be made in the particular embodiments 

20 exemplified without departing from the scope of the invention. All such 
modifications and changes are intended to be included within the scope of 
the appended claims. 
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F!GURE_LEGENB§ 
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6 Fmoc chemrstry. Peptides ar _ of each peptide correspond to 

numbers of the firs, and las. ammo acds of each pep 
aloaold numbers of. he HPV16 H6 potypeptide serene, 

^ Pin 1 relative to the amino 
F1 , , overlapping pattern of the = * =■ ^ (si „ g , e 

10 ^^^^ Z^ to the am,no aoid 
letter code) indicated for eacn p«y 
numbering of HPV16 E6 protein. 

. 3B Mitoge nicity and toxicity assays of the HPV16 E6 
FIG S. 3A and 3B. M.ogen y ^ ^ ^ ^ djfferent 

represents background (no added antigen). 

r 5 s;3r G - (F l G .-,= F e3 (FI C.C ) and GF6 1( F IO.«,were 
used as negative controls in their respective groups. 

_ „ 5E in vi.ro probative response of LNCs from H-2» mice 
25 FIGS. 5A • 5E. m v.rr H mn iar mixture of peptide GF56 FIG. 

5A) ,GF 6 7 ( F,G. 6 B,.OF 61 Lh proliferation w,«h 

Re ca„ pep M e GF5 was 9 ^ ^ 

PPD positive control was 1 22.0541 x 
30 (no added antigen). 
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FIGS. 6A - 6F. T-proliferative response of LNCs from C57BL/6 and B10 
mice immunized with an equtmolar mixture of peptides GF56, GF57, and 
GF61 in CFA, and challenged in vitro with individual peptides Each recall 
peptide was used at two different concentrations: 20 pg/mL (hatched bars), 
5 and 2 pg/mL (dotted bars). "NIL" represents background (no added antigen). 
Recall peptide GF51 was used as a negative control. 

FIG. 7. Mapping of the minima! T-cell proliferative epitope in the GF57 
peptide of HPV16E6 protein. Underlined amino acids indicate the minimal 
10 T-cell proliferative epitope. 

FIGS. 8A and 8B. in vitro proliferative response of LNCs from C57BL/6 
mice immunized subcutaneousiy with peptide GF57, and challenged with 
GF57 overlapping truncated peptides. Recall peptides GF57 and GF51 were 
15 used as positive and negative controls respectively. "NIL" represents 
background (no added antigen). 

FIG. 9. Mapping of the minimal T-cell proliferative epitope in the GF61 
peptide of HPV16E6 protein. Underlined amino acids indicate the minimal 
20 T-cell proliferative epitope. 

FIGS. 10A and 10B. In vitro proliferative response of LNCs from C57BL/6 
mice immunized subcutaneousiy with peptide GF61, and challenged with 
GF57 overlapping truncated peptides. Recall peptides GF61 and GF51 were 
25 used as positive and negative controls respectively. "NIL" represents 
background (no added antigen). 

FIGS. 11A and 11B. in vitro proliferative response of LNCs from C57BL/6 
mice immunized subcutaneousiy with peptide GF51, and challenged with 
30 GF57 overlapping truncated peptides. U NIL ,; represents background (no 
added antigen). 



PCT/AU97/00820 
WO 98/23635 

32 

d 12B ,„ vitro probative response of LNCs from C57BU6 
FIGS. 12A and 12B. ' n «° G F51 , and challenged with 

m , e im mun*ed subcutaneous, w» P^* ( „„ 
GF61 overlapping truncated peptides. NIL rep 

added antigen). 

5 « ,„,VYRDGNPYA-and'QYNKPLC D LL-T„.epi.opes 

on the antibody response to , QAEPD RAHYNIVTFCCKCD) 
GF10 , ( MH GD TPTLHEYMLDLQPE,andBQ (OAE ^ 

10 QAEPD respectively. Used as P ^ ^ mjM 

EYMLO and QAEPD respect^ S vYRDGNPYA (VYR) alone, 
befo re and after immunization wrtherther ^ ^ E yMLD and QAEPD 
QYNKPLCDLL (QYN) alone. ^ D ° N (E . Q YN-Q)orw«h 

20 VYRDGNPYA and the ^^^'^pi^^Qp^ This fusion results in deletion 
lhe BPV1 L1 sequence by PCR amp 
of nucleotides from 7625 downstream or the 



sequence. 
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CLAIMS 

What is claimed is: 

1. A peptide comprising the sequence of amino acids 
VYRDGNPYA (SEQ ID NO 1) inclusive of a single amino acid deletion, 
substitution or addition made therein. 

2. A peptide homolog of the peptide according to claim 1. 

3. A peptide of 10 to 34 amino acids corresponding to a natural 
sequence of amino acids encoded by HPV1 6 E6 or homologous sequence 
thereof which natural or homologous sequence comprises the sequence of 
amino acids defined by the peptide of claim 1 or claim 2. 

4. A peptide of 13 to 20 amino acids corresponding to a natural 
sequence of amino acids encoded by HPV16 E6 or homologous sequence 
thereof which natural or homologous sequence comprises the sequence of 
amino acids defined by the peptide of claim 1 or claim 2. 

5. A chimeric peptide construct for generating an immune 
response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope. 

6. A chimeric peptide construct for generating an immune 
response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope, wherein said construct 
comprises between 10 and 34 amino acids. 

7. A chimeric peptide construct for generating an immune 
response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 
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10 



15 



20 



25 



h R cell epitope and/or one or more amino acid 

8 " Ire B-cell epitopes and/or one or mo™ CTL 

response against one or more P ^ ^ , M 

epitopes said pep«* construe, compns,n eP* 

epitope is from a pathogenic organ,- ^ ^ ^ 

. ,himeric peptide construe! to. u 
9 „ b cell epitopes and/or one or more CTL 

response against one or more B-ceU ep P ^ ^ 1 ^ 

epitopes said peptide construct ^ ac , d sequen ces 

clai m 2 linKed directly or indirect,, o one o J e a ^ 

k r rpll eo tope and/or one u> 
encoding the or each B-cell ep P ^ ^ ^ 

sequences encoding the or each CTL e P ,top 

1° A * „ o cell epitopes and/or one or more CTL 

response against one or more - ^ ^ 1 „ 

eptoP es said pep«e construe,^ ^ a - ^ 

dal m 2 l-ed d,rect, or „ ne or more amino acid 

encoding the or each B-cell ep P ^ ^ ^ g. ce n 
sequences encoding the or each CTL epitop 

e plt o P e,s f rom HPV^e7. ^ ^ an 

B B cell epitopes and/or one or more CTL 
response against one or mor ^ ^ , Q[ 

epto pes said pep* construe, com ns n^ ep ^ 

claim 2 linKed - one or more amino acid 

encoding the o, each B-ce» ep P ^ ^ ^ ^ 

sequences encoding the o, each CTL epitp 

epitope is QAEPD or EYMLD. 
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12. A chimeric peptide construct for generating an immune 
response against one or more B-celi epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 

5 encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from a tumor or viral source. 

13. A chimeric peptide construct for generating an immune 
response against one or more B-celi epitopes and/or one or more CTL 

10 epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from a papillomavirus. 

15 14. A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 1 or 
claim 2 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 

20 sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from HPV1 6 E6 or HPV1 6 E7. 

15. An immunogenic composition comprising a peptide according 

to claim 1 or claim 2 in combination with an adjuvant and/or a delivery 
vehicle. 

25 16. An immunogenic composition comprising a peptide according 

to claim 1 or claim 2 in combination with an adjuvant and/or a delivery 
vehicle, wherein said delivery vehicle comprises a chimeric VLP including a 
modified viral capsid protein having said peptide fused thereto. 
17. An immunogenic composition comprising a peptide according 

30 to claim 1 or claim 2 in combination with an adjuvant and/or a delivery 
vehicle, wherein said delivery vehicle comprises a chimeric VLP including a 
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chimeric pep* — comprising a pep de acoo 9 

conslrucl * comhination w*h an ad.uva— ^ * * ^ ^ ^ 
chimeric pep* construct co.pn.ng a pepWe acco g 

^*"'-" Wirtt ::I II - acid seo,ences 

r rpll eDitope and/or one or mu.= 
the or each B-celi ep Je compnse s 

^ rTi pnitooe, wherein saiu uenv^ y 
encoding the or each CTL epitop clrf „ mtein having said chimeric 

a chimeric VLP induding a modified v,ra. caps,d P ro.e,n 

pept ,e ^^2 mm ^ coming a chrmeric peptide 
20. An immunoy delivery vehicle, said 

construe, in coronation with an , ordaim 

the or each B-cell e P n p jde compnses 

pti poitooe, wherein saia aenveiy 

— r;:;::i: — — — — 

amino acids defined by the peptide of claim 21 
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24. A peptide of 13 to 20 amino acids corresponding to a natural 

sequence of amino acids encoded by HPV1 6 E6 or homologous sequence 
thereof which natural or homologous sequence comprises the sequence of 
amino acids defined by the peptide of claim 21 or claim 22. 
5 25. A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
10 sequences encoding the or each CTL epitope. 

26. A chimeric peptide construct for generating an immune 
response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 

15 encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope, wherein said construct 
comprises between 10 and 34 amino acids. 

27. A chimeric peptide construct for generating an immune 
response against one or more B-cell epitopes and/or one or more CTL 

20 epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope wherein, said construct 
comprises between 13 and 20 amino acids. 

25 28. A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 

30 sequences encoding the or each CTL epitope, wherein the or each B-cell 
epitope is from a pathogenic organism. 
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29 A chimeric pept.de construct for generating an immune 

response aga.nst one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to cla.m 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acd 
sequences encoding the or each CTL epitope, wherein the or each B-cell 
epitope is from a papillomavirus. 

30 A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more ammo acd 
sequences encoding the or each CTL epitope, wherein the or each B-cell 
epitope is from HPV16 E7. 

31 A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to claim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acd 
sequences encoding the or each CTL epitope, wherein the or each B-cel, 
epitope is QAEPD or EYMLD. 

32 A chimeric peptide construct for generating an immune 

response against one or more B-cel. epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to c.a.m 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acd 
sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from a tumor or viral source. 

33 A chimeric peptide construct for generating an immune 

response against one or more B-cel. epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide accord.ng to dam 21 
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or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cetl epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from a papillomavirus. 
5 34. A chimeric peptide construct for generating an immune 

response against one or more B-cell epitopes and/or one or more CTL 
epitopes said peptide construct comprising a peptide according to cfaim 21 
or claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
10 sequences encoding the or each CTL epitope, wherein the or each CTL 
epitope is from HPV16 E6 or HPV16 E7. 

35. An immunogenic composition comprising a peptide according 

to claim 21 or claim 22 in combination with an adjuvant and/or a delivery 
vehicle. 

15 36. An immunogenic composition comprising a peptide according 

to claim 21 or claim 22 in combination with an adjuvant and/or a delivery 
vehicle, wherein said delivery vehicle comprises a chimeric VLP including a 
modified viral capsid protein having said peptide fused thereto. 

37. An immunogenic composition comprising a peptide according 
20 to claim 21 or claim 22 in combination with an adjuvant and/or a delivery 

vehicle, wherein said delivery vehicle comprises a chimeric VLP including a 
modified papillomavirus capsid protein having said peptide fused thereto. 

38. An immunogenic composition comprising a chimeric peptide 
construct in combination with an adjuvant and/or a delivery vehicle, said 

25 chimeric peptide construct comprising a peptide according to claim 21 or 
claim 22 linked directly or indirectly to one or more amino acid sequences 
encoding the or each B-cell epitope and/or one or more amino acid 
sequences encoding the or each CTL epitope. 

39. An immunogenic composition comprising a chimeric peptide 
30 construct in combination with an adjuvant and/or a delivery vehicle, said 

chimeric peptide construct comprising a peptide according to claim 21 or 
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dalm 22 lintad d.rectiy or indirectly ,o one or more ammo acid seguence 
end encoding the or each CTL epitope, wherein said deiiven, vehic, 

said chimeric peptide construct lused thereto. 

An immunogenic common comprising a chimeric peptide 
construct ,n combination with an adiuvan, and/or a detiven, vehicle, said 
h m he peptide construe, comprising a peptide according to Caim 2, or 
I 22 n ed directiy or ind,rec, ly ,0 one or more amino acid sequence 

ences encoding the or each CTL epitope, wherein said delive^ehrcie 
clpnses a chimeric VLP including a modified papillomavirus capsid protein 
having said chimeric peptide construct fused thereto. 
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PEPTIDE SEQUENCE 
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(' 1 8aa ) 
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V 1 ° CLd j 
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T20aa \ 

V ^ v - / tut / 


GF55 
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(1 6aa ) 
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(1 8aa) 
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VJ 1 — > o 




(18aa) 
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(18aa) 
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(18aa) 
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(18aa> 
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105 DLLrRCrNCQKPLCPEEK 122 


(18aa) 


GF63 


I,4 QKPLCPEEKQRF1LDKKQRF 132 


(I9aa) 


GF64 
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(I8aa) 
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1 3 2 FHNEIGRWTGRCM S C CRS 1 4 9 


(18aa) 


GF66 


141 GRCMSCCRSSRTRPETQL 156 


(18aa) 



FIG. 1 
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In Vitro Proliferative Response cf LNCs from Mice immunised with 
Peptides GF51 - GF54 




GF51 



GF52 



GF53 GF54 
Challenge Peptide 
Mean Proliferation with PPD: 74.7195 x 10 3 cpm 



GF55 NIL 

FIG. 4A 
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In Vitro Proliferative Response of LNCs from Mice immunised with 
Peptides GF55 - GF58 




GF55 



GF56 



GF57 GF58 
Challenge Peptide 
Mean Proliferation with PPD: 80.2908 x 10 3 cpm 
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, n Vitro Proliferative Response of LNCs from Mice immunised with 
Peptides GF59 - GF62 _ 
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GF63 NIL 

FIG. 4C 



"GF61 GF62 
Challenge Peptide 
Mea n Proliferation with PPD: 93.0698 x 10* cpm 

ln Vitro Proliferative Response of LNCs frorn Mice immunised with 

Peptides GF63 - Gf-bb 
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B10BR (H-2 k ) Immunised Mice 
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B10D2 (H-2 d ) Immunised Mice 




GF56 GF57 GF61 

Challenge Peptide 
Mean Proliferation with PPD: 147.71 x 10 3 cpm 



GF51 NIL 

FIG. 6D 
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B10A.2R (H-2* 2 ) Immunised Mice 
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PEPTIDE 57/1. 
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